Perhaps no other social policy issue has been as important or as stubborn to deal with as racial gaps in economic outcomes. Black-white differences in academic attainment, occupation, and earnings, while showing some improvement over the past quarter century, remain large. Much of the policy effort aimed at reducing these gaps focuses on public elementary and secondary schools. This emphasis hinges on the widespread beliefs that school and peer characteristics disadvantage blacks relative to whites and that appropriate school interventions can raise achievement and improve future life outcomes. This paper investigates the first of these beliefs through an examination of the changes in the black-white achievement gap as students progress through school. 1 Our findings suggest that the increase in the achievement gap across grades is larger for blacks with higher initial achievement and that this is due primarily to stronger deleterious effects for initially high-achieving blacks of attending schools 1 The Hispanic-white achievement gap is also large but has followed a somewhat different pattern over time compared with the black-white gap. The heterogeneity of the Hispanic population in Texas, including differences in English proficiency and immigrant status, requires consideration of a number of factors in addition to race and ethnicity, and we intend to investigate Hispanic student academic achievement in future work.
Perhaps no other social policy issue has been as important or as stubborn to deal with as racial gaps in economic outcomes. Black-white differences in academic attainment, occupation, and earnings, while showing some improvement over the past quarter century, remain large. Much of the policy effort aimed at reducing these gaps focuses on public elementary and secondary schools. This emphasis hinges on the widespread beliefs that school and peer characteristics disadvantage blacks relative to whites and that appropriate school interventions can raise achievement and improve future life outcomes. This paper investigates the first of these beliefs through an examination of the changes in the black-white achievement gap as students progress through school. 1 Our findings suggest that the increase in the achievement gap across grades is larger for blacks with higher initial achievement and that this is due primarily to stronger deleterious effects for initially high-achieving blacks of attending schools with a high black enrollment share. There is little evidence, however, that Hispanic enrollment share significantly affects the achievement of either non-Hispanic blacks or whites, indicating that it is the black rather than the minority enrollment share that is the key peer demographic.
Differences by initial achievement in both the growth in the achievement gap and relationship to school racial composition are striking and carry important implications for the future education and earnings distributions. The expanding racial achievement gap is fueled by relatively constant gaps at the bottom of the black and the white distributions and a dramatically increasing gap at the top. Given the relationship between cognitive skills and economic outcomes, the truncation at the top of the black achievement distribution does not bode well for the future expansion of the number of blacks who complete college and graduate school and who enter high-prestige occupations and positions of power.
We begin with a description of the evolution of achievement differences by initial achievement level. We follow this with an investigation of the contributions of school and peer characteristics to these changes, paying particular attention to the possibility that the importance of specific factors may differ by initial achievement. We conclude with consideration of the policy implications of our findings.
ECONOMIC MOTIVATION
Evidence consistently finds that cognitive skills explain a substantial share of black-white gaps in school attainment and in wages, and this has motivated aggressive policies to raise the quality of education for blacks. 2 The landmark decision in Brown v. Board of Education that attacked racial segregation of schools was the modern beginning of concerted federal, state, and local actions directed at improving black achievement. 3 Along with subsequent court cases, Brown ushered in a profound change in both school and peer characteristics, while contemporaneous increases in school spending, brought on in part by school finance litigation, further raised the resources devoted to black students in the public schools.
Nonetheless, substantial racial disparities have persisted, and Table 1 provides a stark picture of the black-white differences in academic, economic, and social outcomes that have survived the schooling and social policy interventions of the postBrown period. 4 Among men and women 20 to 24 years old, blacks are far less likely to complete or be in the process of completing college, far less likely to work, and far more likely to be in prison or other institution. The rates of incarceration and nonemployment for young black men paint a particularly dire picture. Overall, these persistent gaps raise questions about the efficacy of schooling interventions, including desegregation and school finance redistribution.
REVIEW OF ACHIEVEMENT GAP RESEARCH
A number of different strands of literature, often linked directly to governmental policy initiatives, investigate the sources of racial achievement gaps. However, when combined, they tend to present a confusing and uncertain picture-particularly about the impact of schools. 15.5%
50,664
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Source: Author calculations from Census 2000 Public Use Microdata Sample (PUMS).
The original Coleman Report (Coleman et al., 1966) was mandated by the Civil Rights Act of 1964 and motivated by concerns about racial justice in the schools. It described a situation where the gap in student performance, measured in terms of grade-level equivalents, expanded across grades. Its analysis, however, did not suggest that the achievement differences existing in 1965 had much to do with the schools but rather were driven by family and peers. 5 Its companion report (U.S. Commission on Civil Rights, 1967) went further, focusing almost exclusively on the role of racial concentration in the schools as a primary cause of the existing achievement gaps.
Efforts to understand the ultimate impacts of desegregation and other interventions have not been very successful. Several different policy thrusts have targeted the racial achievement gap, including expanded desegregation efforts, but the numerous contemporaneous policy innovations in combination with other social, demographic, and economic changes have inhibited efforts to understand the impacts of specific programs and policies. 6 Much of the early research focused on the immediate achievement effects of court-induced desegregation. Although many of these studies used small-scale random assignment experiments (see, for example, Cook, 1984 , and the review in Schofield, 1995) , their concentration on immediate outcomes combines reactions to the introduction and form of judicial policy with the impacts of varying racial concentrations and school attendance patterns. Moreover, a lack of statistical power due to small sample sizes may lead to a failure to uncover even educationally important impacts. A related strand of research attempted to isolate the effects of racial concentration by examining longer-term effects of attending schools with few whites, though data limitations raise concerns about the possibility of omitted variables bias (see, for example, Crain & Mahard, 1978) .
Researchers have also examined test score changes over time in an effort to identify desegregation effects (see, for example, Armor, 1995) . 7 The National Assessment of Education Progress (NAEP) and other sources show a lessening of the black-white gap during the 1980s and early 1990s and stable or rising scores thereafter, and these trends have been the subject of various analyses. 8 In the end, the limited and often contradictory statistical evidence raises doubts about the efficacy of desegregation for addressing racial inequalities in achievement and longer-run outcomes.
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Compensatory education programs, which are relatively more important for black students, represent a second contemporaneous policy initiative with potential implications for achievement gaps. With the Elementary and Secondary Education Act (ESEA) of 1965, the federal government entered into the funding and operations of 5 This analysis was subjected to considerable criticism; see, for example, Bowles and Levin (1968) or Hanushek and Kain (1972) . 6 The U.S. Supreme Court ruling in Brown was slow to be implemented, as many Southern districts resisted desegregation and as the court repeatedly refined and sharpened its message of 1954. As a result, the most significant changes in school desegregation occurred in the late 1960s and during the 1970s (see Welch & Light, 1987; Clotfelter, 2004) . 7 A more complete review and assessment of earlier studies can be found in Linn and Welner (2007) . 8 While there is some variation at different ages of NAEP testing, both reading and math score gaps rise somewhat from their low point in the late 1980s or early 1990s and then stabilize thereafter. For varying analyses at different places in the trend, see Congressional Budget Office (1986), Grissmer et al. (1994) , the collection of research in Jencks and Phillips (1998), and Hanushek (2001) . 9 Earlier optimism about narrowing gaps (Jencks & Phillips, 1998) largely dissipated with new evidence that the black-white achievement gap stayed constant or even grew during the 1990s (National Center for Education Statistics, 2005) . In terms of the specific policies that have been pursued, direct evidence on the benefits of school desegregation remains limited. Review of the evidence surrounding desegregation actions provides limited support for positive achievement effects (Schofield, 1995) ; Guryan (2004) finds that desegregation reduced the probability of dropping out of high school, though data limitations and methodological concerns raise questions about the findings. Accumulated evidence does not provide strong support for the belief that higher expenditure typically leads to substantial improvements in the quality of instruction, particularly with regard to higher pay for teachers with a master's degree or substantial experience (Hanushek, 2003) . schools more forcefully than ever before, initiating compensatory education programs designed to bring up performance of disadvantaged students.
10 Nonetheless, assessments of compensatory education programs under ESEA raise questions about its effectiveness, thus also raising questions about how such programs affect achievement gaps.
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Research on "summer fall back" supports the notion that increasing achievement gaps through the schooling years are largely not a product of the schools per se. This work, relying on summer and fall testing of achievement, suggests that learning during the school year might on average be the same for blacks and whites, but that the amount of learning during the summer months heavily favors white students (Alexander, Entwisle, & Olson, 2007; Downey, von Hippel, & Broh, 2004; Heyns, 1978) , a finding consistent with the belief that family and peers are the primary contributors to the achievement gap.
Other recent research generally provides additional support for that view. For example, Levitt (2004, 2005) find that a substantial racial achievement gap exists at entry to school and increases with age, but that the majority of the increase occurs within schools and is not explained by quantifiable school characteristics. 12 Clotfelter, Ladd, and Vigdor (2006) document a large third-grade mean achievement gap in North Carolina that does not, on average, increase with schooling, but find that the black distribution appears to become more compressed over time. Our past work, on the other hand, highlights meaningful achievement impacts of specific peer and teacher inputs whose distributions differ substantially by race, suggesting possible school-based explanations of at least a portion of the black-white achievement differential.
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Analyses of the average achievement gap may miss important school and peer effects that vary across the achievement distribution. For example, discussions of peer pressures on blacks-the "acting white" literature-raises the possibility that high-achieving black students may face very different pressures than lower-achieving blacks.
14 In addition, academic preparation relative to the median or mean student in the school likely affects the extent to which the curriculum approaches the ideal level of challenge for a student. These and other considerations suggest the possibility of differential effects of desegregation and other school policies and factors across the initial achievement distribution.
TEXAS SCHOOLS PROJECT DATA
The UTD Texas Schools Project (TSP) data set provides a unique stacked panel of school administrative data that allows us to track the universe of Texas public 10 Federal involvement in school accountability under the No Child Left Behind Act of 2001 is, in fact, the latest reauthorization of the ESEA statutes. 11 Before each reauthorization, the federal government hired an outside evaluator to judge the effectiveness of the compensatory funding. Invariably, these studies found little success in terms of achievement (see Vinovskis, 1999) . These findings dovetail with direct analyses of how school resources tend not to be related to student outcomes (for example, Hanushek, 2003) . Notwithstanding the evidence, Title 1 funding under ESEA has continued to be the primary federal education program targeted at disadvantaged students. 12 Note that Murnane et al. (2006) cannot replicate either the basic school patterns of the achievement gap or the influence of measured family background on the gaps when they go to a different, but in some ways richer, database. Neal (2006) finds little evidence of a growing gap past entry to school and discounts the role of schools in either creating or ameliorating any gaps. 13 Hanushek, Kain, and Rivkin (2004) investigate the effects of student mobility; Rivkin, Hanushek, and Kain (2005) investigate the effects of teacher experience; and Hanushek, Kain, and Rivkin (forthcoming) investigate the effects of racial composition. 14 See, for example, Austen-Smith and Fryer (2005) , Cook and Ludwig (1997) , Fordham and Ogbu (1986 ), Fryer (2006 ), McWhorter (2000 , and Ogbu (2003). elementary and middle school students as they progress through school. 15 For each cohort, there are over 200,000 students in over 3,000 public schools. Unlike many data sets that sample only small numbers from each school, these data enable us to create accurate measures of peer-group characteristics. We use data on four cohorts for grades three (the earliest grade tested) through eight. The most recent cohort attended eighth grade in 2002, while the earliest cohort attended eighth grade in 1999.
The student data contain a limited number of student, family, and program characteristics including race, ethnicity, gender, and eligibility for a free or reducedprice lunch (the measure of economic disadvantage). The panel feature of the data, however, is exploited to account implicitly for a more extensive set of background characteristics through the use of a value-added framework that controls for prior achievement. Moreover, students who switch schools can be followed as long as they remain in a Texas public school. 16 Beginning in 1993, the Texas Assessment of Academic Skills (TAAS) was administered each spring to eligible students enrolled in grades three through eight. The tests, labeled criteria referenced tests, evaluate student mastery of grade-specific subject matter. This paper presents results for mathematics. Because the number of questions and average percent right varies across time and grades, test results are standardized to a statewide mean of zero and variance equal to 1 for each grade and year. Because these tests cannot be used to measure knowledge growth with age, they provide no information on absolute racial differences. If the variance in knowledge grows with age and time in school, as we believe most likely, any deterioration in the relative standing of blacks on the achievement tests would understate the increase in knowledge inequality.
The student database is linked to detailed information on teachers, including grade and subject taught, class size, years of experience, highest degree, race, gender, and student population served. Although individual student-teacher matches are not possible, students and teachers are uniquely related to a grade on each campus. Students are assigned the average class size and the distribution of teacher characteristics for teachers in regular classrooms for the appropriate grade, school, subject, and year.
We also exclude students with any missing grade-appropriate test observations from the regression analysis, making two aspects of the data important for the subsequent comparisons. First, differential rates of special education placements that do not call for testing directly affect the achievement comparisons because of the higher incidence among blacks. Second, students retained in grade at any point between grades three and eight cannot be directly included in the regression analysis because of the testing problems introduced by grade repetition. The pattern of grade retention and exclusion from tests, shown in Appendix Table A1, 17 also has 15 A description of the project can be found at http://www.utdallas.edu/research/tsp/Index.htm. 16 Given the high rate of school switching, particularly among lower income and minority students, the possibility of following movers is an important asset of the data, particularly when studying achievement gaps. In contrast, such mobility presents a serious sampling problem for survey data sets including the Early Childhood Longitudinal Survey (ECLS) that has been used in recent work on the racial achievement gap (Fryer & Levitt, 2004 Reardon, 2008) . The descriptive analysis the ECLS data in Hanushek and Rivkin (2006) shows that blacks who move between grades 1 and 3 in the ECLS sample exhibit larger test score growth than stayers, a pattern contrary to that observed in most other longitudinal data sets. This highlights the difficulty of generating a representative sample of a mobile population. More generally, sample selection problems in survey data almost certainly grow in magnitude with age. 17 All appendices are available at the end of this article as it appears in JPAM online. Go to the publisher's Web site and use the search engine to locate the article at http://www3.interscience.wiley.com/cgibin/jhome/34787.
implications for the description and analysis of racial achievement gaps. 18 Specifically, because of the racial differential, the simple test data understate the full extent of racial achievement differences, particularly differences in the shares of students in the lower tail of the distribution. As described below, however, we can obtain a bound on the impact of grade retention on the pattern of racial achievement gaps across grades.
RACIAL ACHIEVEMENT DIFFERENCES IN TEXAS
We begin by describing growth in the black-white achievement gap with age for the Texas public schools, considering both the mean achievement differential and differences across the achievement distribution. Virtually all analyses tracing racial patterns in school attainment or in achievement rely on repeated cross sections.
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Such analyses, however, can be misleading because of underlying changes in the cohorts of students, and they cannot provide a direct comparison of the achievement trajectories of black and white students with similar scores in third grade, a central comparison of interest for this analysis.
Achievement Differences by Grade
To trace the evolution of achievement differences for grades 3, 5, and 8, we focus on a sample of students who progress with their class for six consecutive years, though we augment this cohort analysis by imputing scores to those retained in grade. As noted above, because blacks are more likely to be retained in grade than whites, a focus on only complete cohorts understates any growth in the achievement differential. Because the tests are not vertically scaled across grades, scores for students retained in grade are not comparable to scores for students who progress to the next grade. 20 We address this problem by moving retained students back to their original cohorts for the remaining years they are in the data and then imputing test scores for these years that place the retained students in the bottom of the distribution. 21 The assumption that all students retained in grade score in the bottom percentile appears reasonable to us: Fewer than 3 percent of blacks and 2 percent of whites are retained in any of these grades, and limited violations of this assumption should have little or no effect on any of the percentile comparisons. Table 2 reports the overlap of the test distributions, characterized by the share of whites with test scores below the 10th, 25th, 50th, 75th, and 90th percentiles of the black distribution. The top panel excludes those retained in grade, while the bottom includes these students in the appropriate grade for their third-grade cohort. Several marked patterns in the distribution emerge from the table. First, less than a quarter of white third graders score below the median black, and half of white third graders score above the 75th percentile of the black distribution. By eighth grade this overlap becomes even smaller. Second, consistent with the trends in Clotfelter, 18 As Hanushek and Rivkin (2006) show, the achievement gap of students who progress with their class understates black-white differences in academic progress at any point in time given the higher rates of grade retention and missing tests due primarily to special education classification (particularly for boys) among blacks. For test taking and placement in special education, see Hanushek, Kain, and Rivkin (2002) . 19 Clotfelter, Ladd, and Vigdor (2006) is an exception that follows several intact cohorts in North Carolina. 20 Vertically scaled tests are calibrated to give comparable scores across different forms of tests such as reading tests designed for different grade levels. Specifically, the expected score should be the same for a student taking a vertically scaled test at two different grade levels of the test. It is not clear how accurate tests claiming to be vertically scaled actually would be for students retained in grade, but there is no available analysis of this. 21 We thank an anonymous referee for this suggestion.
Ladd, and Vigdor (2006) for North Carolina, where a narrowing at the bottom comes with a widening at the top of the distribution, our data show that the increase in the gap occurs mainly in the upper half of the distributions. Both the 10th and 25th percentile scores from the black distribution remain in roughly the same place in the white distribution from third to eighth grade regardless of whether students retained in grade are included in the sample. In contrast, the share of whites scoring below the median black score falls by 4 percentage points, the share of whites scoring below the 75th percentile black score falls by roughly twice that much, and the share of whites scoring below the 90th percentile black score falls by slightly more than the decline observed at the median. Finally, including the students retained in grade worsens the overall picture. With retained students, less than 40 percent of white students fall below the 75th percentile of the black distribution by grade eight; the reduction of the black 75th percentile score following the imputation of very low scores to blacks retained in grade more than offsets the effect of imputing very low scores for the smaller number of whites retained in grade.
Division by Initial Achievement
The comparison of repeated cross sections does not describe the experiences for individual students, and a number of different dynamics could produce the same observed patterns. Our approach to learning more about student experiences divides students into quartiles on the basis of third-grade achievement scores and examines changes in the achievement gaps for blacks and whites who begin in the same quartile. Categorizing students by early achievement is complicated, however, because achievement tests measure actual knowledge with error. As a result, two individuals with identical knowledge can obtain very different scores if one is lucky and the other unlucky in guessing or one was exposed to specific vocabulary words or mathematics problems while the other was not. If such "random errors" are uncorrelated over time, two students with the same growth in true knowledge will tend to experience different test score gains. Specifically, the lucky student with the error-inflated third-grade score will tend to exhibit a lower test score gain than the unlucky student with the artificially low third-grade score. Such regression to the mean seriously complicates black-white comparisons by achievement level because of race differences in the actual initial skill distributions. The intuition of the problem is straightforward. Assume that students can be classified as either high skilled or low skilled as of third grade and that blacks are less likely to be high skilled than whites because of lower income or related family factors. In addition, assume that tests measure skill with error and that the distribution of the errors is identical for blacks and whites. Given these assumptions, the following hold: (1) the probability that a student who is truly low skilled is erroneously observed to be high skilled is the same for blacks and whites; and (2) the probability that a student observed to be high skilled is actually low skilled is higher for blacks than for whites, because blacks are less likely to be truly high skilled than whites.
Therefore, a black observed to be high skilled will have a more positive error on average than a white observed to be high skilled (because the observed score is true plus error). If the error distribution is identical for blacks and whites in the subsequent grade and independent of the error in the early grade, blacks initially observed to have high skill will be more likely to be observed subsequently in the low-skill category than whites initially observed to be high skilled. The average test score gain of blacks will be lower than the average gain for whites for students initially observed to be high skilled. Thus, even if the growth in true achievement for blacks and whites in the top category is the same, measurement errors and regression to the mean lead the observed test score growth of blacks in the top category to be below that for whites.
Just the same holds for students initially observed to be low skilled. Whites are more likely to be erroneously placed in the low category due to a negative error (as opposed to true low skill) and more likely to be observed in the higher-skilled category in the second year than blacks even in the absence of any race differences in true skill acquisition. Thus, expected gains for blacks are lower than expected gains for whites with the same low skill observed initially and the same growth in true knowledge.
This pattern, described more formally in Appendix B, 22 invalidates the simple categorization of students on the basis of initial mathematics test scores as a method to match blacks and whites with identical initial skills. To address this problem, we first use a test in a different subject to categorize students by initial skill level, based on the assumptions of positive correlations across subjects in true skill and of no correlation in the test measurement errors across subjects. If these assumptions are true, this approach severs the link between initial category and expected difference in the error realizations for the initial and subsequent periods. However, the extent of teaching to the test, the probability of cheating (particularly by teachers), and the likelihood a student is ill (different subject tests are administered on adjacent days) are probably similar across subjects, raising the possibility of correlated errors and potentially invalidating this approach to categorizing students. Table 3 reports the evolution of the black-white achievement gap for all students combined and by initial test score quartile.
23 Note first the very large gap increases between third and fourth grades in the top half of the distribution. These jumps in observed gaps raise concerns that the errors in the mathematics and reading tests 22 All appendices are available at the end of this article as it appears in JPAM online. Go to the publisher's Web site and use the search engine to locate the article at http://www3.interscience.wiley.com/cgibin/jhome/34787. 23 The determination of the group cutoffs provides an additional issue to resolve. Because the distribution for whites has less dispersion than that for blacks and because there are far fewer blacks in the sample, we chose to divide the sample on the basis of the 25th, 50th, and 75th percentile of third-grade test scores computed only over the sample of blacks. This leaves blacks split almost evenly into the four categories, while whites are concentrated in the highest quartile. are positively correlated, a condition that would introduce upward bias into our estimate of the change in the achievement gap. Given both a priori concerns about correlated third-grade errors across subjects and the observed pattern, we focus on quartile differences between grades 4 and 5 and between grades 5 and 8. It is also important to note that within-quartile gaps in third grade are not meaningful; it is only the changes with age that provide useful information. Several clear patterns emerge. First, there is a large gap in mean test scores as of third grade that rises from 0.59 standard deviations to 0.65 standard deviations in fifth grade and to 0.70 standard deviations in eighth grade, a very different pattern than that observed in Clotfelter et al. (2008) . Second, the increases in the racial gap between grades 4 and 5 are similar across the initial achievement distribution. Third, the racial achievement gap increases much more between grades 5 and 8 for students in the top two initial achievement quartiles than for those in the lower two quartiles (and where the gap declines for students in the lowest initial quartile). Overall, between grades 4 and 8 the gap increases by 0.02 standard deviations for students in the lowest initial achievement group, by 0.08 for students in the second group, by 0.11 for students in the third group, and by 0.14 for students in the top initial achievement quartile. 24 The changes reported in Table 3 highlight race differences in achievement trajectories for students who begin with very similar scores, information not provided by the repeated cross sections showing the shares of whites outscoring specific percentiles in the black test score distribution. The finding that increases in gaps are largest for students at the top of the initial test score distribution raises the possibility that segregation and school factors exert larger adverse effects on initially highachieving blacks than on blacks further down the initial achievement distribution.
THE IMPACT OF TEACHER AND PEER EFFECTS ON ACHIEVEMENT GAPS
We now turn to whether specific teacher and school variables account for the observed growth in the achievement gap during elementary school, paying particular attention to differences across the initial achievement distribution. Our primary goal is to assess whether schools have a discernible impact on the pattern and growth of the racial achievement gap. As noted, there remains an active debate over the contribution of schools to the racial achievement gap, with prior work even suggesting uncertainty about whether the racial gap expands or contracts during the school-age years. In addition, since the earliest work on achievement gaps in Coleman et al. (1966) , pinpointing any specific school influences has proven difficult.
For schools to have an impact on the racial achievement gap (positively or negatively), significant school factors either must have differential incidence by race or must differentially impact black and white students, or both. Most attention has gone to the first case-school factors that are unevenly distributed by race-and this has motivated both policy and analysis. 25 Our investigation is guided by previous work into the determinants of achievement differences among students. We focus most attention on teacher experience and the racial concentration of schools on the basis of prior work that has shown both to be significant determinants of achievement and to be distributed differently by race. We also consider the effects of proportion Hispanic and class size, though these are less likely candidates for explaining racial achievement difference in Texas because of the small race differences in their distributions.
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The potential import of these factors is readily apparent in Table 4 , which describes their distribution in fourth grade. Blacks are more likely than whites to have teachers with little or no experience and on average attend school with a much 25 A traditional approach to assessing the potential importance of school factors involves the decomposition of the achievement gap into a within-and a between-school component, where the between-school component is assumed to provide an upper bound on the impact of schools. Simple nonparametric decompositions of the gap based on a regression with school fixed effects suggests that roughly twothirds of the changes in the gap occurs between schools in Texas (not reported), a somewhat different finding than that reported for similar decompositions in Fryer and Levitt (2005) . However, because of the central importance of family locational decisions, student heterogeneity is likely to contribute significantly to between-school differences, and thus such decompositions do not provide compelling evidence on the role of schools. 26 Note that by concentrating on these two factors we ignore other components of schools, such as school leadership, that are likely distributed more favorably for whites than blacks. We return to this as follows. higher black enrollment share, regardless of initial achievement quartile. On the other hand, there is a relatively small difference in the percent of Hispanic classmates for blacks and whites, and the average class sizes are virtually identical. It is also interesting that these characteristics exhibit little systematic variation across quartiles of the achievement distribution for blacks and only modest variation for whites-indicating that any heterogeneity of outcomes by quartile must come from differential impacts on high or low achievers.
Basic Empirical Model
Identification of the effects of teacher and peer characteristics on achievement is difficult primarily because the distribution of peer and teacher variables is not an accident but rather an outcome of government, teacher, and family choices. The endogeneity of teacher and peer variables increases the probability that there are a number of confounding factors that must be accounted for in order to isolate exogenous variation in these variables. Because data limitations impede efforts to control for all family, teacher, and school influences on learning, it is unlikely that statistical adjustments relying only on measured family and school factors will account fully for school, community, and family influences related to both achievement and the school and peer variables of interest. Social scientists have become increasingly aware of the difficulty of identifying the causal impact of different potential policy instruments through simple observational data. A combination of unmeasured but correlated influences on outcomes plus self-selection into many samples has led to increasing care with estimation in situations like this. The use of random assignment of treatments-common not only in many medical situations such as drug trials but also in social situations such as the provision of family welfare programs-has gained increasing favor because it explicitly protects against many such problems through experimental design, lessening the potential for biased estimation of policy impacts. 27 We follow a different line of attack. Our approach takes advantage of the repeated test score observations for each student and multiple grades and years of data for each school by employing panel data methods to account for student, family, teacher, and school factors that might otherwise bias the estimates. Specifically, we include prior mathematics test scores in order to account for student heterogeneity and multiple levels of school, grade, and year fixed effects to account for unobserved grade and time-invariant school characteristics. The objective is to ensure that any variation in teacher and peer characteristics that remains once the observed variables and fixed effects have been accounted for is not systematically related to any unmeasured factors affecting achievement, that is, to the error term in statistical models. The underlying idea is to emulate the key aspect of random assignment design in a situation where we cannot randomly assign students to different teachers and peers.
Equation (1) highlights the key identification issues that must be addressed in the absence of random assignment. Here achievement (AiGsy) for student i in grade G and school s in year y is modeled as a function of student, family, school, and peer factors at that time:
AiGsy ϭ aiGy ϩ bXiGsy ϩ dSiGsy ϩlPiGsy ϩ eiGsy
where P is peer composition (proportion black and proportion Hispanic), S is school quality (including teacher quality) in grade G, X is a vector of flows of contemporaneous family background inputs during grade G, a is an individualspecific intercept particular to grade G in year y that captures the prior effects of family, neighborhood, and school experiences and characterizes the knowledge and skills that each student separately brings at entry to grade G, and e is a stochastic term capturing other unmeasured influences. If P and S were uncorrelated with e and a , simple cross-sectional regressions would yield unbiased estimates of the effects of peer and school characteristics. But the complications inherent in the sorting of students, teachers, and administrators among schools-combined with existing evidence about the importance of eachstrongly suggest that typically available variables contained in X will not account adequately for potentially confounding factors and that other methods and variables must be used to identify the effects of the peer and school characteristics.
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Incorporating School and Grade Fixed Effects
A key element of our empirical strategy is the use of an array of fixed effects in the statistical models to eliminate the most difficult measurement and selection issues. Fixed effects are simply a complete set of separate intercepts for a given factor; thus, for example, a "school fixed effect" would involve a separate intercept for each school in the sample. Implicitly, a fixed effect eliminates variations in outcomes and in explanatory factors between the different observations-that is, between schools in the example. As such, school fixed effect models use just within-school variation over time, and any average differences across schools are subsumed in the separate intercepts.
Our estimation actually takes this idea further. The variation used to identify the parameter estimates can be illustrated by considering the impact of proportion black on achievement for a single school. (In a more general case with multiple schools, the coefficients would reflect the average of these within-school relationships across the sample).
29 With multiple years of data for any single grade in the given school, we could use cohort-to-cohort differences in achievement and racial composition (that is, differences across years) to identify the proportion black effect. School-by-grade fixed effects use this type of variation to identify the coefficients. These comparisons across cohorts within the single school implicitly hold constant any stable differences across years in elements of curriculum, teachers, and leadership, whether readily measured or not. A finding that the achievement of blacks tended to fall as the black enrollment share increased would provide evidence that a higher proportion black adversely affects achievement. Yet, while this approach eliminates stable grade-and school-specific factors, it does not account for differences in other unobserved school and neighborhood determinants of achievement, including changes in the neighborhood environment or school principal, that could be related to changes in proportion black.
Alternatively, with multiple grades of data for a single year, we could use grade differences in achievement and in proportion black within the school to identify the racial composition effect. School-by-year fixed effects use this type of variation to identify the coefficients. Again, a finding that the achievement of blacks tended to fall as the black enrollment share increased would provide evidence that a higher proportion black adversely affects achievement. As was the case with the school-by-grade fixed effect model, this is not without potential problems. While eliminating timevarying school and neighborhood factors, this approach does not account for changes 28 A more formal development of the model and estimation is found in Hanushek and Rivkin (2008) . 29 We use observations of multiple schools in the estimation to account for any grade-specific, statewide changes in policy, curriculum, or the difficulty of tests. Grade-by-year fixed effects control for such grade-year factors.
in achievement and proportion black that evolve systematically with age, as would be the case if the black enrollment share tended to increase (perhaps due to higher rates of white flight to private schools in higher grades) and achievement growth tended to be lower as black students progress through school.
Data for multiple years and grades also permit the inclusion of both school-bygrade and school-by-year fixed effects, in which case the racial composition effects are identified by deviations of black student concentrations from the school average for each grade and year. If the deviations from the grade and year averages are unrelated to other factors that systematically affect achievement, this approach can be viewed as a "quasi-experiment" in which the deviation of proportion black from the school average for a particular grade and year is randomly assigned to schoolgrade combinations each year.
The availability of multiple schools not only generates a large number of "quasiexperiments"; it also enables us to control for systematic changes over time at the state level, including changes in test difficulty for each grade. Ultimately, the racial composition variation that remains after eliminating the systematic elements of parental choice of schools, of specific leadership, of neighborhood conditions, and the like results from what we assume to be "random" differences across cohorts.
Additional Strategies to Minimize Bias
If, however, the remaining variation is related to other determinants of achievement, inclusion of the multiple levels of school fixed effects will not control fully for confounding factors, and additional actions must be taken. Within-school differences in racial composition come from (1) persistent cohort differences that appear upon cohort entry into school, and (2) student mobility-induced year-to-year changes in racial composition for a given cohort. Consideration of these sources of within-school variation in school proportion black suggests three factors that potentially contaminate the estimates if not incorporated into the estimation: (1) student heterogeneity, (2) adverse effects of mobility and student turnover, and (3) unobserved changes in teacher quality.
Because differences in family background and student circumstances may be associated with both sources of variation, it is necessary to account directly for student heterogeneity. We include indicators for economic disadvantage and receipt of special education. In addition, we include prior-year test score as a measure of academic readiness at the start of the school year in order to account for the cumulative influences of prior family, school, and peer factors on current achievement. 30 The lagged achievement model does not, however, capture all possible effects of differences in unobserved ability, and a key identifying assumption is that remaining student heterogeneity is orthogonal to the deviations in racial composition from grade and year averages for each school. This assumption would be violated, for example, if we were using classroom racial composition and students were being purposefully sorted among classrooms in a manner that introduced a relationship between racial composition and unobserved ability. 31 This type of sorting is particularly relevant when considering race and achievement because of observed tendencies to segregate students within schools (Clotfelter, Ladd, & Vigdor, 2003) . We circumvent this problem by using grade average rather than classroom variation in proportion black and other peer and teacher characteristics, meaning that only grade average differences among and within cohorts are used to identify the estimates. 30 Boardman and Murnane (1979) and Todd and Wolpin (2003) also highlight the importance of unobserved ability and the cumulative nature of learning. See our more formal development in Hanushek, Kain, and Rivkin (forthcoming). 31 Rothstein (2008) raises this issue in his critiques of the estimation of teacher quality.
Mobility-induced changes, though frequently ignored in research based on cohort comparisons, may also introduce potentially serious problems. 32 Hanushek, Kain, and Rivkin (2004) show that blacks are much more likely to change schools than whites and thus to contribute disproportionately to year-to-year changes in school racial composition. In order to purge the contaminating influences of mobility, we control directly for the effects of moving on school changers with a vector of variables that allow for different effects by timing, number, and type of move. 33 Moreover, the evidence shows that movers tend to have lower prior achievement, another source of student heterogeneity that must be accounted for by lagged achievement.
Finally, unobserved changes in teacher quality may contaminate the estimates if they are related to deviations in measured peer and school factors from their average for each grade and year. Similar to the case for unobserved student skill, the purposeful allocation of students among classrooms provides the primary source of association between unobserved teacher quality and racial composition, and the use of grade aggregate peer and student characteristics avoids problems introduced by any such purposeful sorting.
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Remaining Concerns with the Analytical Strategy
A significant question given the inclusion of the array of fixed effects is whether adequate variation remains in the relevant explanatory factors in order to obtain reliable estimates of their impacts. Table 5 provides direct evidence on this for proportion black. For both elementary and middle schools, the standard deviation of proportion black is over 20 percentage points, but most of this comes from variations across schools-variation that will incorporate parental residential and school choices and a variety of other things that are difficult to consider explicitly. Eliminating this variation between schools (by including school fixed effects and the vector of other variables) reduces the relevant standard deviation to 3.5 percent in elementary schools and 2.8 percent in middle schools. The inclusion of school-bygrade and school-by-year fixed effects further reduces the residual variation to 1.7 percent and 1.4 percent for elementary and middle schools, respectively. The implication of these calculations is that roughly 95 percent of values of residual proportion black relevant for estimation of the full model will fall within a band of about 7 percentage points (that is, plus or minus two standard deviations). The precision with which the coefficients can be estimated depends directly on the relevant variation in each of the explanatory factors, implying that it is very difficult to separate the effect of racial concentration if the variation in it is too limited. It is important that the standard errors on the coefficient estimates for the key variables also depend on the sample size, so that the large samples that come from having all of the 32 An identifying assumption in a number of studies that make use of cohort differences is that either raw cohort differences or differences remaining following the removal of school specific trends over time are not correlated with confounding factors. This approach, which builds on the intuition that students close in age in the same school have many similar experiences, has been used in a variety of circumstances (for example, Ehrenberg & Brewer, 1995; Ferguson & Ladd, 1996 ; and more recently generalized by Hoxby, 2000) . 33 Indicator variables differentiate both among those moving during the summer, school year, or at least twice in the same year and among within district changes, district changes within geographic region, and moves across regions. 34 A second way in which teacher differences could enter would be through parental mobility induced by specific teacher assignments or classroom assignments. If parents selectively withdraw students from a school because of the particular classroom assignment, a variant of selectivity bias could be introduced. We do not believe, however, that this is likely to be important because classroom assignments are often made immediately prior to the beginning of the school year, limiting alternatives for parents. Further, the typical family has more than one child in a school, making individual student placement only part of the decision problem. students in multiple cohorts for the entire state of Texas can help to detect effects even when the residual variation is small. Nonetheless, the inclusion of multiple fixed effects can exacerbate measurement error even as it mitigates omitted variables bias, and this must be kept in mind when examining the pattern of estimates.
A related concern is the possibility that some of the pathways through which racial composition could effect achievement are eliminated by the multiple levels of school fixed effects. For example, if higher proportion black schools tend to have lower teacher quality due to greater difficulty attracting and retaining teachers, this would introduce a negative relationship between achievement and proportion black that would be eliminated by the fixed effects. Whether this is an empirically important phenomenon is unclear given the difficulty of isolating the proportion black effect on achievement with cross-sectional data and the general difficulty of identifying the effect of proportion black on teacher hiring and retention, given the correlation among proportion black, proportion poor, and other determinants of working conditions. Nonetheless, it is plausible to believe that any estimates we obtain are lower bounds on the true impacts of racial concentration in schools.
Estimation Results
The analysis focuses on the effects of racial composition and initial teacher experience; class size is also included in all specifications, though the small differences by race rule out a sizeable role for class size in explaining growth in the achievement gap unless there is a substantial differential impact by race. We also considered other factors, including teacher education and average teacher experience. 35 Consistent with prior work, however, no teacher education variable or measure of experience beyond the initial years was a significant determinant of achievement, and their exclusion from the analysis had virtually no effect on the other coefficients. As noted earlier, the effects of all variables are allowed to differ by race and achievement quartile in order to allow for heterogeneous effects. Table 6 reports estimates by race and initial achievement quartile and robust standard errors clustered by school for three specifications that progressively add school-by-grade and school-by-year fixed effects estimated separately for elementary 35 Rivkin, Hanushek, and Kain (2005) find that teacher experience is important in the first two years of a teaching career (but not thereafter) and that class size has small effects in earlier grades. These patterns are consistent with a number of other high-quality recent works including Rockoff (2004) , Boyd et al. (2006) , and Kane, Rockoff, and Staiger (2008) . Hanushek, Kain, and Rivkin (forthcoming) find increased concentration of black students has a particularly deleterious effect on black achievement. This finding is consistent with Guryan (2004) , Angrist and Lang (2004) , and Hanushek and Raymond (2005) . Note: Asterisks indicate significance at the following levels: * (0.1), ** (0.05), and *** (0.01). Significance levels are calculated using robust standard errors clustered by school. All specifications include black and female indicators, indicators for a transition to junior high, subsidized lunch eligibility, special education participation, and a non-structural move (all fully interacted with black and initial achievement quartile), and a full set of grade-by-year variables.
and middle schools. 36 In addition to the reported estimates, all specifications include indicators for subsidized lunch eligibility, participation in special education, female, a family-initiated move, and a transition to middle school (in the middle school regressions), the share of students who are new to the school, and the share of teachers with two years of experience, all fully interacted by initial achievement quartile and race.
The first specifications (column 1 for elementary schools and column 4 for middle schools) are provided for comparison purposes with alternative cross-sectional analyses and with the more preferred specifications that include fixed effects. Because between-school differences in racial composition and teacher experience are associated with family background and other determinants of achievement, these estimates do not identify causal effects. Therefore, we focus on the fixed effect estimates reported in columns 2 and 3 and columns 5 and 6.
The estimates in the top panel of Table 6 reveal substantial differences in the effects of proportion black by initial achievement quartile, race, and schooling level. We focus first on elementary schools. Here the inclusion of the school-by-grade and school-byyear fixed effects has little impact on the magnitude of the estimates, though it does increase the standard errors (reduce the precision and significance of the estimates), as expected. 37 For blacks, all proportion black coefficients are small and insignificant, with the exception of the top quartile. That coefficient equals Ϫ 0.15 in the full model and is significantly different from zero and from each of the other proportion black coefficients at the 1 percent level. For whites, by comparison, the proportion black effect is almost always insignificant except for the bottom quartile in the fixed effects models. Because of the stability of the estimate across specifications, we take these estimates as suggesting that a higher proportion black does adversely affect achievement for whites in the bottom quartile of the distribution (even though it does not quite reach the 10 percent significance level in the full model of column 3).
The middle school estimates reveal both similarities and differences with the pattern of elementary school coefficients. As is the case with elementary school students, the most adverse proportion black effect for blacks occurs for students initially in the top achievement quartile, regardless of specification. In the full model of column 6, the hypothesis that the proportion black effect of Ϫ 0.16 for students in the top quartile is equal to the effects for students in the bottom, second, and third quartiles is rejected at the 5 percent significance level for each comparison.
Despite these similarities, there are also differences between the elementary and middle school proportion black coefficients for blacks that merit discussion, including the much larger fluctuation in magnitudes across specifications. For students in each initial achievement quartile, the addition of school-by-grade fixed effects increases the magnitude of the proportion black coefficient, while the further addition of school-by-year fixed effects reduces the magnitude below that observed in the first column. Preliminary work suggested that middle school transition difficulties for students in very high proportion black elementary schools contributed to the observed pattern. During the school transition, these students tended to experience a relatively large test score decline accompanied by a decrease in proportion black due to the combining of multiple elementary schools into a single middle school. This introduces a spurious positive relationship between achievement and proportion black that school-by-grade fixed effects eliminate. In terms of the decrease in magnitude following the addition of school-by-year fixed effects, this could result from the reduction in omitted variables bias, exacerbation of measurement error induced attenuation bias, or some combination of the two. The roughly doubling of 36 Only black and white non-Hispanic students who remain with their cohort and have nonmissing test scores for grades 3 through 8 are included in the sample. A small number of observations are excluded because of missing information on teachers. 37 Note that standard errors for the estimated coefficients have not been published because of space/ complexity concerns in the table. The full results are available from the authors. the standard errors (not shown) is similar to the pattern observed for the elementary school, but the substantial decrease in coefficient magnitudes clearly differs from the stability of the elementary school estimates. This lends some support to the belief that time-varying confounding factors bias estimates produced by the specifications lacking school-by-year fixed effects.
The fluctuations in the proportion black estimates for whites exceeded those observed for blacks, and none of the coefficients in the full model are significant at any conventional level for whites. Similar to the case for blacks, the increase in standard error magnitudes for the middle school estimates is quite similar to that observed for the elementary school estimates. Again, this suggests that confounding factors may bias downward the estimated effect of proportion black in specifications without school-by-year fixed effects.
In contrast to the effects observed for proportion black, estimates reported in the second panel reveal that there is little or no evidence in support of the hypothesis that a higher proportion Hispanic adversely affects achievement for either whites or blacks. Only two of the coefficients from either of the fixed effect models are significant at even the 10 percent level (both pertain to blacks in the lowest initial achievement quartile), and both are positive. This strongly suggests that it is proportion black rather than "minority concentration" that exerts an adverse achievement effect for some students.
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The remaining panels of Table 6 reveal a strong negative relationship between achievement and the share of teachers with little or no experience. The negative effects of rookie teachers hold for both whites and blacks across the initial achievement distribution. Although there is no systematic ordering of effect magnitudes by initial achievement quartile for blacks, a strong pattern does emerge for whites. It is particularly pronounced in elementary school, where the negative effect of a new teacher produced by the full model equals Ϫ 0.21 for those in the bottom initial quartile, Ϫ 0.16 for those in the second quartile, Ϫ 0.11 for those in the third quartile, and Ϫ .08 for those in the bottom quartile. All coefficients are significant at the 1 percent level, and F-tests reveal that the hypothesis of equal achievement effects of new teachers is rejected for all quartile pairings at the 5 percent level for all but comparisons between the bottom and second quartile effects. The middle school ordering is weaker and the magnitudes are smaller, but the adverse effect of a new teacher remains highest for students in the bottom initial achievement quartile. The estimated effects of teachers with only one year of prior experience reported in the bottom panel are uniformly smaller in magnitude for both black and white elementary school students regardless of initial quartile, but no such systematic differential emerges for middle school.
Interpretive Issues
The estimation does not provide answers to all of the interpretive issues that one might desire from a policy viewpoint. Most important, we do not have a good understanding of the underlying causes of the observed effects of peers and teacher experience. With teacher experience, for example, the lower average effectiveness of inexperienced teachers may reflect shortcomings in skills that could be overcome by better pre-service training or by more effective mentoring. Or they may reflect skills that can only come through on-the-job learning. Or they may reflect the fact that ineffective new teachers are more likely to exit teaching, causing average teacher quality to increase with experience. More likely, they capture some combination of these and other causes. Without knowledge of the source, the remaining policy options, as discussed below, will revolve around lessening the exposure of students to rookie teachers.
The bigger interpretive questions surround the underlying source of the impact of racial concentration on black achievement. A variety of alternative pathways could produce this result. One suggestion has been that it reflects teacher expectations and curricular adjustments, that is, that teachers lessen the rigor of the curriculum as the black enrollment share increases. An alternative view centers on cultural norms and is captured by the "acting white" hypothesis-that peer pressure on black students operates to downgrade efforts to learn more and to reach higher achievement levels. 39 A final concern, however, is that it simply reflects some other peer characteristics such as having lower-achieving and lower-income classmates (characteristics that are correlated with race). The alternative explanation, that differences in school or teacher quality drive the observed proportion black effect, is less plausible given that the estimates are identified solely by within-school andyear variation in proportion black; such variation is far less likely to be systematically related to differences in teacher or school quality than variation across schools or even changes over time in school average proportion black.
Data limitations make it difficult to determine directly the extent to which the proportion black effect is driven by income or academic preparation of peers. The available income variation provides a crude measure of family resources, and methodological complications impede efforts to isolate the impact of academic preparation. 40 However, the fact that the inclusion of proportion Hispanic has little impact on the proportion black coefficients despite the negative correlation of proportion Hispanic with both family income and initial academic achievement does suggest that the proportion black does not simply serve as a proxy for class or academic preparation. Nonetheless, the research design required to untangle the influences of these various factors probably involves more direct qualitative studies within schools, where behavioral differences might be observed. But, much like with the teacher experience finding, this uncertainty leads us to concentrate attention on the overall impacts of proportion black and the potential benefits of altering the distribution of school racial composition.
IMPLICATIONS OF SCHOOL EFFECTS
The combination of race differences in the school averages of proportion black and teacher experience and of the finding that these variables significantly affect achievement indicates that schools account for at least a portion of the growth in the racial achievement gap. Moreover, because the magnitudes of the effects differ by initial achievement, the impacts of these variables will vary by initial achievement as well.
To illustrate their differential importance across the initial achievement distribution, we use the estimates from the full fixed effect model reported in Table 6 (columns 3 and 6) to simulate the cumulative impact of setting the racial composition and teacher distribution faced by black students to the average in all Texas public schools. These simulations assume an annual depreciation of knowledge of 0.3
Other than for the lowest initial achievement group that experienced a very small increase in the gap, the simulations reported in Table 7 suggest that reducing average proportion black and the shares of teachers with little or no experience to the state averages for black and white students would eliminate between 15 and 20 percent of the growth in the achievement differential between grades four and eight. 42 Indeed, the impact of schools is likely larger than we show here. We have relied on just the within-school variations in the limited number of factors considered to obtain our estimates, but these are undoubtedly just a portion of the differences in schools faced by blacks and whites. As Rivkin, Hanushek, and Kain (2005) show, easily quantifiable variables do not explain the bulk of the variance in teacher and school quality. If race differences in unobserved teacher and school quality also favor whites, the contribution of schools to the growth in the achievement gap would be correspondingly larger.
One hint at the potential magnitude comes from decomposing the growth in the achievement gap into between-school and within-school components. Although the sharp divergence in school attendance patterns by race and accompanying uncertainty about the appropriate method for weighting observations introduces some uncertainty, several different decomposition algorithms suggest that roughly twothirds of the growth in the gap occurred between schools for all four achievement groups. Of course, family and community differences across schools also contribute to the between-school component, so this estimate should not be interpreted as the contribution of schools per se.
43
THE POLICY DILEMMA
By any measure, black-white differences in schooling outcomes are a matter of enormous concern. The early progress toward racial convergence that followed Brown v. Board of Education and the civil rights legislation of the 1960s has slowed if not stopped over the past two decades (Neal, 2006) . The implications of this slowdown for earnings inequality and the economic well-being of blacks have been magnified by the substantial increase in the return to skill experienced over the past 30 years. The differences in measured skills between blacks and whites are enormous. By age 17, the average black student is performing at around the 20th percentile of the white distribution. 44 This leads directly to large differences in college attendance and completion and ultimately to substantial black-white differences in lifetime earnings and occupational prestige.
A major thrust of governmental policy has been to deal with the black-white achievement gap through improving the quality of elementary and secondary education for disadvantaged students. But, as highlighted in Figure 1 , the actions taken have been unsuccessful in closing the black-white achievement gap, which grows across grades and grows most for the initially highest achieving blacks in Texas. The main results of this study suggest that the existing distribution of new teachers and 41 The estimation, as noted, includes each student's achievement from the prior grade to account for historical factors that influence initial levels of knowledge. The estimated coefficient on lagged achievement indicates how much of prior learning is retained. See Hanushek, Kain, and Rivkin (forthcoming) for a fuller discussion. 42 Were the rate of depreciation to be much higher-for example, on the order of 70 percent, as suggested by Jacob, Lefgren, & Sims (2008) -the explanatory power of these three variables would be slightly more than half as large. 43 In earlier grades, Fryer and Levitt (2005) Authors' calculations based on columns 3 and 6 of Table 6 ; total change in gaps from Table 3 ; depreciation in learning set to 0.3.
segregation inhibit black student progress, particularly high achievers in grade 3. Nonetheless, implications for policy remain uncertain. At first blush, effective policy initiatives would seem straightforward. Because blacks are adversely affected by a higher likelihood of having a new teacher and racial segregation, a redistribution of students that reduces the average share of blacks' schoolmates who are black and the probability of having a teacher with little or no prior experience would reduce the achievement differential, particularly for initially high achievers.
Policy is not, however, so simple. To deal with racial concentrations, a variety of race-based policies have been applied since the Brown decision, but the permissible policies have been increasingly restricted and do not deal with the constraints emanating from housing and locational decisions. The evidence regarding teacher labor markets also suggests potentially high costs to policies aimed at altering the distribution of inexperienced teachers.
Perhaps the most easily identified policies revolve around ensuring that black students do not draw a disproportionate share of beginning teachers, but the effects of any particular policy depend in large part on teacher reactions. It is important to note that the underlying factors leading to teacher choices of schools are not completely understood, although there is evidence that a combination of locational preferences, working conditions, leadership qualities, and ease of the teaching challenges contribute. 45 Because teachers cannot be required to teach in particular districts, urban districts may have a very difficult time raising salaries high enough to attract experienced teachers to high-poverty, high-proportion-black schools. Any changes in the process through which districts allocate teachers to schools that work to disadvantage experienced teachers are likely to induce exit from the district unless salaries are increased, perhaps substantially. 45 Hanushek, Kain, and Rivkin (2004) document that teachers generally move away from schools with high concentrations of black students and with low student achievement levels. Boyd et al. (2005) find similar patterns with the addition of the pull of a teacher's own location while growing up. School leadership appears to contribute importantly to teacher perceptions of working conditions. Moreover, because principals appear to have preferences similar to those of teachers, the most disadvantaged schools face ongoing leadership problems (Branch, Hanushek, & Rivkin, 2009) . See also the reviews of literature on the impact of working conditions in and Horng (forthcoming) . 46 Hanushek, Kain, and Rivkin (2004) estimate that just equalizing the teacher outflow between central city and suburban schools in Texas would require increasing the average salary of younger teachers by over 40 percent. On the other hand, data from North Carolina suggest that teachers are perhaps more sensitive to bonuses (Clotfelter et al., 2008) .
Reducing racial concentrations in the schools in order to lessen the impact of peer composition is even more problematic. The recent U.S. Supreme Court decisions concerning schools in Seattle and Louisville, following a long period of movement away from active policies aimed at school desegregation, severely limited, if not curtailed, the use of race-based considerations in district assignment of students to schools. 47 As a result, proxies for the race distribution such as family income have been proposed, but-while there are differences across metropolitan areas-this approach does not seem to be a generally powerful alternative to reducing racial concentrations within districts (Reardan, Yun, & Kurlaender, 2001) .
Nonetheless, this concentration on within-district policies is a bit of a red herring. As Rivkin and Welch (2006) report, housing patterns account for the bulk of school segregation, and prior court decisions limit inter-district desegregation programs. 48 In addition, our sample covers a period without much involuntary desegregation activity, and the relationship between achievement and racial composition might depend on both programmatic and historical factors that determine school attendance patterns in a given district. Consequently, active initiatives designed to substantially increase black exposure to whites might produce a different relationship between achievement and racial composition than we identify here.
The implication is that, although we identify specific school and peer factors that systematically affect racial achievement gaps, policy directed at just these factors is unlikely to be very successful. Instead, it appears that a more comprehensive set of policies aimed at improving the quality of schools attended by blacks will be required. The substantial teacher experience effects and other research on school quality point to the importance of improving the quality of instruction. Efforts to expand the pool of potential teachers in high proportion black schools might combine deregulation (relaxed licensing requirements for new teachers), salary increases, and improvements in working conditions. It may also be possible to pursue other policies that ameliorate the impact of racial concentration, though such efforts are hindered by not fully understanding the underlying behavior or causes of the observed impact of racial concentration. Policies to address lowered expectations of teachers with high proportion black classrooms differ from those that would seek to lessen negative peer behavior such as equating high achievement with "acting white." If identified, however, more direct policies might be possible. For example, to the extent that the adverse impact of racial concentration results from cultural norms, it may be possible to counteract these, as some charter schools appear to have been able to do. 49 Such efforts may even involve interventions during preschool years that might foster academic and social development. Nonetheless, the research base both for identifying the underlying causes of the observed relationships or for instituting approaches to deal with the causes remains uncertain.
Finally, it is crucial to recognize that test score differences do not provide adequate information for those not in the test sample, which in this case includes students retained in grade and those excused from test taking because of a disability or other circumstance. 50 Given the much higher rate of special education classification and grade retention for blacks than for whites, and for black boys in 
APPENDIX B: RELATIVE EFFECTS OF MEASUREMENT ERROR ON ACHIEVEMENT GAPS.
Understanding the impact of measurement error on the analysis of the earnings gap is easy to see in a simple stylized calculation comparing black and white achievement for two ability groups. The key element is that a common measurement error will lead to different relative errors (compared to true observations) when the underlying distributions between blacks and whites differ, and this will distort comparisons of growth in achievement for blacks and whites if not taken into account. This Appendix formalizes the text discussion of division of the students by initial achievement. The top panel of Table B1 presents an assumed two-level distribution of actual skill for blacks and whites, where blacks are more concentrated in the lower category than whites. The bottom panel describes the resulting distribution of observed test scores, where Pij is the probability that somebody with true ability in category i is observed in category j. Importantly, identical conditional probabilities of misclassification are assumed for blacks and whites, based on the assumption that the distribution of test errors does not differ by race.
Given the assumptions regarding race differences in knowledge and measurement error, the bottom panel illustrates that a higher proportion of whites than blacks are misclassified into the low observed skill category, while the opposite is true for the high observed skill category. A higher percentage of the blacks in the low-achievement category are classified correctly, while a higher percentage of the whites are misclassified in the low-achievement category because of negative errors in test measurement. In contrast, a higher percentage of the whites in the high-achievement category are correctly classified, while a higher percentage of the blacks are misclassified in this high-achievement category because of positive measurement errors. This implies that the average errors for blacks in both observed achievement category are larger than the average errors of whites. If we assume that the expected measurement error in each period is zero and that test errors are uncorrelated over time, these relative differences in observed categorization by race directly affect any estimates of achievement gains over time. The expected achievement gain in the next period is higher for whites than for blacks throughout the observed initial skill distribution, because the larger negative errors of whites and positive errors of blacks are expected to disappear in the subsequent period. Therefore, a finding that the gap grows over time in each category would be expected even if there was no increase in the true knowledge differential. For this reason, a good estimate of the relative achievement growth of blacks and white requires dealing with the measurement error in the tests that leads to differential classification errors across the achievement distribution. 
